OPTICAL FUNCTIONAL FILM, METHOD OF FORMING THE SAME, AND 
SPATIAL LIGHT MODULATOR, SPATIAL LIGHT MODULATOR ARRAY, 
IMAGE FORMING DEVICE AND FLAT PANEL DISPLAY USING THE 

SAME 

5 

Background of the Invention 

1, Field of the Invention 

The present invention relates to., an. optical 
functional film in which stacked films are made of the 

10 same material and have an optical function, and a stress 
control has been applied to each film, and a method of 
forming the optical functional film. The present 
invention also relates to a spatial light modulator, a 
spatial light modulator array, an image forming device, 

15 and a flat panel display which use the optical functional 
film. 

2. Description of the Art 

A dielectric multilayer film in the related art is 
20 produced by alternately stacking high-refractive index 
films and low- refractive index films. As useful 
materials, for example, Ti0 2 is usually used in a 
high-refractive index film, and Si0 2 is usually used in 
a low-refractive index film. In the case where such a 
25 dielectric multilayer film is to be produced as an 
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optically reflective film, the materials are stacked in 
the sequence of high and low refractive indices so as 
to attain an optical length of X/ A with respect to the 
wavelength of light. This production process has 
5 problems of curvature of a support member, a crack, and 
a film flake which are caused by an internal stress of 
the dielectric multilayer film. 

. .. In "Method of producing a dichroic mirror" of 

JP-A-6-186418 (paragraph Nos . [0009] to [0011]), a method 

10 of correcting curvature is disclosed. In a dichroic 
mirror, dielectric thin films for varying the light 
transmit tance depending on the wavelength are stacked 
on a substrate. The dielectric thin films include 
low-refractive index films made of Si0 2 , and 

15 high-refractive index films made of Ti0 2/ and are grown 
in a vacuum or an atmosphere of a specific gas by vacuum 
deposition. In the disclosed method, curvature which may 
be caused in the film growing process is compensated by 
performing the film growing process on a substrate having 

20 a shape that is opposite to the shape of the curvature. 

In "Multilayer film structure and surface-emitting 
laser" of JP-A- 8 - 3 0 7 0.0 8 (paragraph Nos. [0022] to [0029], 
Fig. 2) , a method of preventing distortion from occurring 
is disclosed. When a multilayer film 4 which is to be 

25 applied to a reflect ing mirror of a surface-emitting laser 
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is formed by a dielectric multilayer film of Si0 2 films 
2 and Ti0 2 films 3, a contraction stress which is produced 
intheSi0 2 films and is indicatedby the arrows is different 
in magnitude from an expansion stress which is produced 
5 in the Ti0 2 films as shown in Fig. 16B, so that contraction 
and expansion occur in the stacked planes, thereby causing 
distortion in a substrate. By contrast, in the disclosed 
method, .as shown in. Fig. 16A, a control. is conducted while 
conditions such as the deposition rate and the deposition 

10 atmosphere are selected so that an expansion stress and 
a contraction stress have an equal magnitude. Namely, 
a contraction stress/tensile stress control is conducted 
so that an expansion stress and a contraction stress which 
are produced in respective alternately stacked films are 

15 made equal to each other to balance and cancel out. 
Therefore, the structure is improved so that distortion 
is not produced. 

Fig. 17 shows an example of a Fabry-Perot filter 
which is disclosed in JP-A-2002-17 4 721 (paragraph Nos . 

20 [0025] to [0035], Fig. 5), and in which a dielectric 
multilayer film is used. In the figure, shown is a 
three-layer structure consisting of a high-refractive 
index film Fl which serves as a movable mirror, and which 
exhibits a compression stress, a low-refractive index 

25 film F2 which exhibits a tensile stress, and a 
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high-refractive index film F3 which exhibits a compression 
stress. The multilayer optical thin film has an optical 
film thickness of or is a multilayer film 

corresponding to a single-layer film having an optical 
5 film thickness of X/4. 

When a movable mirror is formed by a multilayer 
optical thin film in which films (tensile stress films) 
exhibiting a tensile.stress and f i lms. .( compress ion. st re s s. 
films) exhibiting a compression stress are stacked, or 

10 by that in which tensile stress films exhibiting different 
tensile stresses are stacked, a self -standing movable 
mirror can be formed so as to be upward convex and downward 
convex. The tensile stress films and the compression 
stress films can be formed respectively by, for example, 

15 polysilicon (single crystal silicon) , silicon oxide, 
silicon nitride. Combinations of a tensile stress film 
and a compression stress film, and those of tensile stress 
films include combinations of: a compression stress film 
(polysilicon) and a tensile stress film (silicon nitride) ; 

20 a compression stress film (polysilicon) and a tensile 
stress film (silicon oxide); a compression stress film 
(silicon oxide) and a tensile stress film (polysilicon) ; 
a compression stress film (silicon nitride) and a tensile 
stress film (polysilicon) ; a tensile stress film 

25 (polysilicon) and a tensile stress film (silicon nitride) ; 
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and a tensile stress film (polysilicon ) and a tensile 
stress film (silicon oxide). 

When the multilayer optical thin film (movable 
mirror) is configured as an optical thin film of a 
5 multilayer structure in which the high-refractive index 
film Fl, the low-refractive index film F2 , and the 
high-refractive index film F3 are stacked in this 
sequence, it is possible. to enhance the degree of -freedom . 
in design of the film stress. 
10 However, all the above-described techniques in the 

related art have a serious problem in that the adhesiveness 
between films remains to be inferior. 

Summary of the Invention 

15 Therefore, the inventor of the present invention 

has studied the cause of the inferior adhesiveness between 
films, and found that the formation with using two or 
more kinds of materials or a high-refractive index 
material and a low-refractive index material causes the 

20 problem. 

Furthermore, also the following problem in that the 
formation requires a prolonged time period for the supply 
of the materials, degassing, and cleaning of an apparatus 
in the film growing process due to vapor deposition in 
25 an atmosphere of a specific gas has been found. 
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It is an ob j ect of the invention to provide an optical 
functional film having an excellent film adhesiveness 
of a multilayer film, and also to provide a dielectric 
multilayer film which can be provided with an optical 
5 function, and in which a stress control is easily 
conducted, also a refractive index control is enabled, 
a stress of the whole multilayer film can be controlled, 
and the film grown Is performed at. .a higher rate.. . 

It is another object of the invention to provide 

10 a spatial light modulator, a spatial light modulator array, 
an image forming device, and a flat panel display which 
use such an optical functional film. 

In order to attain the object, according to a first 
aspect of the invention, there is provided an optical 

15 functional film comprising a multilayer film having a 
plurality of stacked films , wherein the plurality of films 
are formed of a same material, and refractive indices 
of adjacent ones of the plurality of films are different 
from each other. 

20 In the optical functional film, the same material 

is used in all the films of the multilayer film. 
Therefore, the optical functional film can be produced 
in the same production apparatus, in the same process, 
and under the same conditions. As a result, the kinds 

25 of gasses to be used can be reduced, it is not required 
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to clean the production apparatus, a prolonged time period 
is not required for the supply of the materials and 
degassing in the film growing process, the durability 
is excellent, the yield is high, and the film adhesiveness 
5 is excellent because of the same material. 

According to a second aspect of the invention, there 
is provided an optical functional film as set forth in 
the first aspect of ..the invention,., wherein., stresses of 
prescribed ones of the plurality of films of the multilayer 
10 film have opposite signs with respect to adjacent ones 
of the plurality of films. 

In the optical functional film, the films are 
alternately stacked while setting a first layer to a 
contraction (compression) stressstate, and a second layer 
15 to an expansion (tensile) stress state, thereby enabling 
a multilayer film having a high flatness to be grown. 

According to a third aspect of the invention, there 
is provided an optical functional film as set forth in 
the first aspect of the invention, wherein stresses of 
20 prescribed ones of the plurality of films of the multilayer 
film have opposite signs and an equal magnitude with 
respect to adjacent ones of the plurality of films. 

In the optical functional film, the films are 
alternately stacked while setting a first layer to a 
25 contraction (compression) stress state, a second layer 
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to an expansion (tensile) stress state, and the stresses 
to have an equal magnitude, thereby enabling a multilayer 
film having a high flatness to be grown. 

According to a forth aspect of the invention, there 
5 is provided an optical functional film as set forth in 
the first aspect of the invention, wherein the multilayer 
film is grown by chemical vapor deposition (CVD) . 

In the optical functional film, the kinds of material ... . 
gasses can be reduced, the film growth can be 
10 satisfactorily performed, the film growth rate is high, 
and the degassing process does not require a prolonged 
time period. 

According to a fifth aspect of the invention, there 
is provided a method of forming an optical functional 

15 film comprising a multilayer film formed by stacking a 
plurality of films in CVD, the method including: forming 
the plurality of films with a same material; and adjusting 
at least one of a frequency of a radio-frequency voltage 
to be applied, an RF power, and a gas flow rate ratio, 

20 on forming each of the films, to control a stress and 
a refractive index of each of the films so that refractive 
indices of adjacent films are different from each other. 

According to the method, it is possible to attain 
the effect that the stress and refractive index controls 

25 can be conducted more easily. 


According to a sixth aspect of the invention, there 
is provided a spatial light modulator comprising: a 
support substrate that has an electrode layer; and a 
movable thin film that has at least an electrode layer, 
5 the movable thin film being opposingly placed above the 
support substrate with being separated by a predetermined 
gap distance in a manner that the movable thin film is 
. flexurally deformable toward the. ..aupport . substrate, 
wherein a predetermined driving voltage is applied between 

10 the electrode layer of the support substrate and the 
electrode layer of the movable thin film to cause the 
movable thin film to be deflected toward the support 
substrate by an electrostatic force acting between the 
electrode layers, whereby optical characteristics of the 

15 device with respect to incident light are changed to 
perform light modulation on the incident light, and 
wherein an optical functional film as set forth in any 
one of the first to fourth aspects of the invention is 
disposed on each of sides of the movable thin film and 

20 the support substrate, the sides being opposed to each 
other, and the optical characteristics are optical 
interference characteristics corresponding to the gap 
distance between the movable thin film and the support 
substrate, and a wavelength of the incident light. 

25 In the spatial light modulator, multilayer 
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reflective films are on the support substrate and the 
movable thin film, respectively so as to be opposed to 
each other, and the gap distance between the multilayer 
reflective films is changed to allow optical interference 
5 to be performed by the Fabry-Perot interference effect 
or the like in accordance with the wavelength of the 
incident light. 

According to a seventh aspect of the invention, there 
is provided a spatial light modulator array wherein plural 

10 spatial light modulators as set forth in the sixth aspect 
of the invention are arranged one- or two-dimens ional ly . 

In the thus configured spatial light modulator array, 
since the plural spatial light modulators are arranged 
one- or two-dimensionally , one- or two-dimensional light 

15 modulation can be performed. 

According to an eighth aspect of the invention, there 
is provided an image forming device comprising: a light 
source; a spatial light modulator array as set forth in 
the seventh aspect of the invention; an illumination 

20 optical system which illuminates the spatial light 
modulator array with light from the light source; and 
a projection optical system which projects light emitted 
from the spatial light modulator array onto an image 
forming face. 

25 In the thus configured image forming device, the 
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spatial light modulator is illuminated with the light 
from the light source, and light which is modulated by 
the spatial light modulator array is projected by the 
projection optical system onto the image forming face. 

According to a ninth aspect of the invention, there 
is provided a flat panel display comprising : a light source 
which emits ultraviolet rays; a spatial light modulator 
array as set forth in. the seventh aspect of the invention; 
an illumination optical system which illuminates the 
spatial light modulator array with light from the light 
source; and a fluorescent member which is excited by light 
emitted from the spatial light modulator array to emit 
light. 

In the thus configured flat panel display, the 
spatial light modulator array is illuminated with the 
ultraviolet rays from the light source, the fluorescent 
member is illuminated with ultraviolet rays which are 
emitted by a modulating operation from the spatial light 
modulator array, and the fluorescent member is excited 
to emit display light. 

Brief Description of the Drawings 

Fig. 1 is a section view of an optical functional 
film of an embodiment of the invention which is made of 
the same material; 
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Fig. 2 is a view showing the characteristic of film 
growth by plasma CVD according to the invention; 

Fig. 3 is a view showing a method of controlling 
a stress by plasma CVD shown in Fig. 2; 
5 Fig. 4 is a plan view showing a light modulator unit 

of a flat panel display using Fabry-Perot interference; 

Fig. 5 is a section view taken along line V-V of 
Fig . 4 ; ... 

Fig. 6 is a section view taken along line VI-VI of 
10 Fig. 4; 

Fig. 7 is a section view illustrating the operation 
state of the flat panel display shown in Fig. 4; 

Fig. 8 is a view showing the spectral characteristic 
of a low-pressure mercury lamp for black light; 
15 Fig. 9 is a view showing the light t ransmi t t ance 

of a spatial light modulator; 

Fig. 10 is a section view showing a configuration 
in which a fluorescent member is placed on the flat panel 
display shown in Fig. 4. 
20 Fig. 11 is a view showing a modification of Fig. 

5; 

Fig. 12 is a diagram showing a light modulator unit 
of a reflective spatial light modulator; 

Fig. 13 is a diagram illustrating the operation of 
25 the spatial light modulator shown in Fig. 12; 
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Fig. 14 is a diagram schematically showing the 
configuration of an exposing device which is configured 
by using the spatial light modulator array. 

Fig. 15 is a diagram schematically showing the 
5 configuration of a projecting device which is configured 
by using the spatial light modulator array. 

Fig. 16 is a section view of a multilayer film 
structure disclosed in JP- A- 8 - 3 0 7 0 0 8 ; and . . 

Fig. 17 is a section view of a Fabry-Perot filter 
10 in which a dielectric multilayer film disclosed in 
JP-A-2002-174721 is used. 

Detailed Description of the Invention 

Hereinafter, an embodiment of the invention will 
15 be described with reference to the figures. 

Fig. 1 is a section view of an optical functional 
film of the embodiment of the invention. 

Referring to Fig. 1, 1 denotes a dielectric 
multilayer film mirror configuration which is stackingly 
20 formed with using a same material such as SiNx as a film 
material. In the specification, the term "same material" 
means that the same principal material is used in film 
growing processes, and "films made of a same material" 
means films made of same kinds of elements. In the case 
25 where dielectric films are to be formed by the plasma 
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CVD method with using SiNx as a dielectric material, a 
silane gas and an ammonia gas are used as source gases, 
hydrogen and nitrogen are used as additive gases, and 
the gases are decomposed by an RF ( radi o- f r equency ) power 
to form thin films. In this case, the principal material 
means the silane gas and the ammonia gas serving as the 
source gases. In place of SiNx, another film material 
such as SiONx or S.iOx may be used... Alternatively, 
t et raethylorthosilicate (TEOS): Si(OC 2 H 5 ) 4 may be used. 
In the alternative, thin films are formed by the liquid 
source CVD method. The formed thin films are made of same 
kinds of elements. However, films having different 
refractive indices, degrees of densif ication, and 
stresses in the films can be formed because films of 
different composition ratios can be formed by controlling 
the film forming process. In the figure, nl, n2, n3, . . . 
indicate the indices of the films, respectively. The 
embodiment is characterized in that high- and 
low-refractive index films of the same material are 
alternately stacked so that nl = H, n2 = L , ... (where 
H: high refractive index, L: low refractive index) . 
Namely, plural films are formed by the same material, 
and adjacent ones of the films have different refractive 
indices . 

The difference between the high and low refractive 
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indices is set to about 1.7 to 2.3. 

Each of the films has a thickness which is equal 
to an optical length of X/An. 

As the number of films is larger, the reflectivity 
5 is higher, and, as the difference between H and Lis larger, 
the reflectivity is higher. 

Next, a method of growing the films will be described. 

An example, in which the dielectric multilayer .film 
is produced in the form of SiNx films by the plasma CVD 
10 (Chemical Vapor Deposition) method. 

In plasma CVD, a radio-frequency power of, for 
example, 13.56 MHz from a radio- frequency power supply 
is applied to a radio- frequency electrode and a substrate 
heater which are opposed toeachother ina reaction vessel, 
15 material gasses such as silane gas and ammonia gas 
introduced through gas inlet pipes are decomposed by glow 
discharge plasma due to the radio-frequency power to form 
a thin film on a substrate, and the residual gas is 
discharged to the outside of the vessel by a pump. In 
20 the embodiment, since plural thin films are formed by 
the same material to be stacked, the kinds of materials 
can be reduced, and the time period for evacuating the 
residual gas is short. 

First, the control of the refractive indices will 
25 be described. The characteristic of a thin film of SiNx 
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to be grown is shown in Fig. 2. Fig. 2A shows the 
relationship between the substrate temperature and the 
refractive index, and Fig. 2B shows the relationship 
between the radio- f requency power and the refractive 
index . 

In Fig. 2A, the refractive index n is substantially 
linearly increased when the temperature is raised, and, 
in Fig. 2B , the refractive index n moves along, a curve 
which decreases in accordance with the increase of the 
radio- frequency power. The refractive indices can be 
controlled by using these phenomena. 

In plasma CVD, the relationship between a stress 
and a refractive index is in one of the following cases 
depending on the film growth conditions; 

"when a compression stress is applied, the 
refractive index is high, and, when a tensile stress is 
applied, the refractive index is low"; and 

"when a compression stress is applied, the 
refractive index is low, and, when a tensile stress is 
applied, the refractive index is high". 

When the tensile stress. or the compression stress 
is increased, the high refractive index is shifted in 
the increasing direction, and the low refractive index 
is shifted in the decreasing direction. The correction 
control can be conducted in further consideration of these 
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conditions . 

As shown in the diagram of Fig. 3, the method of 
controlling a stress is performed by one of the followings: 

(A) the frequency of the radio- frequency power for 
generating a plasma is changed; 

(B) the radio- f requency power is changed; and 

(C) the flow rate ratio of the gasses to be used 
is changed. .... . . - 

In the frequency change of (A), the stress relationship 
can be controlled so that a tensile stress is higher in 
a lower frequency side, and the compression stress is 
higher in a higher frequency side. 

In the RF power change of (B) , the stress relationship 
can be controlled so that a tensile stress is higher in 
a lower power side, and the compression stress is higher 
in a higher power side. 

In the gas flow rate ratio change of (C), the gas 
concentrations of, for example, ( S1H4/NH3/N2/H2 ) are 
changed, and the gas pressures are changed, whereby 
stresses can be controlled. 

In (D), a control in which two or more of (A), (B), and 
(C) above are combined with each other is performed so 
as to enable a further fine control. Namely, in the 
formation of each of the films, the stress and the 
refractive index of the film are controlled by adjusting 
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at least one of the frequency of the radio-frequency 
voltage to be applied, the RF power, and the gas flow 
rate ratio, whereby adjacent films are formed so as t.o 
have different refractive indices. 
5 As a result, the stress control (compression or 

tensile) is facilitated, and, when stresses are changed, 
also the refractive indices are changed. Therefore, the 
refractive index control (higher or lower)... can be 
simultaneously conducted, and the stress control to be 
10 conducted on stresses including stresses of the films 
and a stress of the whole multilayer film is enabled on 
the basis of relationships among the thicknesses of the 
f i 1ms . 

Under the film growth control, the dielectric 
15 multilayer filml isgrowninthe following manner . First, 
the first film is grown while being controlled so as to 
attain a high refractive index. Then, the second film 
is grown while being controlled so as to attain a low 
refractive index and a stress which is equal in magnitude 
20 to the stress of the first film. Namely, a predetermined 
one of the films in the multilayer film is caused to have 
a stress the sign of which is opposite to the signs of 
the stresses of the adjacent films. In addition, the 
stress of the predetermined film is equal in magnitude 
25 to the stresses of the adjacent films. 
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Then, the third and fourth films are similarly grown, 
with the result that a satisfactory flatness is obtained. 

In order to obtain a certain reflectivity, the number 
of required films is larger as the difference between 
the refractive indices H (high) and L (low) is smaller. 
In other words, the number of films is smaller as stresses 
of the films are larger. 

The thus obtained, dielectric multilayer film may 
be applied to a flat panel display using Fabry-Perot 
interference which has been disclosed in JP-A- 1 1 -2 5 8 5 5 8 . 

Figs. 4 to 9 illustrate a specific example of the 
flat panel display using Fabry-Perot interference. Fig. 
4 is a plan view showing a light modulator unit of the 
flat panel display, Fig. 5 is a section view taken along 
line V-V of Fig. 4, Fig. 6 is a section view taken along 
line VI-VI of Fig. 4, Fig. 7 is a section view illustrating 
the operation state of the flat panel display shown in 
Fig. 4, Fig. 8 is a view showing the spectral characteristic 
of a low-pressure mercury lamp for black light, and Fig. 
9 is a view showing the light t ransmi ttance of a spatial 
light modulator. 

A dielectric multilayer film mirror 73 is disposed 
on a substrate 71 which is transparent to a UV ray. A 
pair of electrodes 75 are formed respectively on the two 
sides of the substrate 71 so that the dielectric multilayer 
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film mirror 73 is interposed therebetween. Columns 5 are 
disposed on the right and left sides (the right and left 
sides in Fig. 4) of the electrodes 75, respectively. A 
diaphragm 53 is disposed on the upper end faces of the 
5 columns 5. A dielectric multilayer film mirror 77 is 
formed on the lower face of the diaphragm 53 opposed to 
the dielectric multilayer film mirror 73. A gap 11 is 
formed between the dielectric multilayer. film mirrors 
73 and 77. A pair of other electrodes 79 are formed on 
10 the surface of the diaphragm 53 so as to be opposed to 
the electrodes 75, respectively. In Fig. 6, 80 denotes 
a spacer. 

In other words, the spatial light modulator 
comprises: the support substrate (the substrate 71) that 

15 has an electrode layer; and a movable thin film (the 
diaphragm 53) that has at least an electrode layer (the 
electrode 75), and that is opposingly placed above the 
support substrate 71 with being separated by a 
predetermined gap distance in a manner that the movable 

20 thin film is flexurally deformable toward the support 
substrate 71. A predetermined driving voltage is applied 
between the electrode layer 75 of the support substrate 
7 1 and the elect rode layer ( the elect rode 7 9 ) ofthemovable 
thin film 53 to cause the movable thin film 53 to be 

25 deflected toward the support substrate 71 by an 
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electrostatic force acting between the electrode layers 
75 and 79, whereby optical characteristics of the device 
with respect to incident light are changed to perform 
light modulation on the incident light. The 
above-described optical functional film (the dielectric 
multilayer film 1) is disposed on each of sides of the 
movable thin film 53 and the support substrate 71, the 
sides being ..opposed to each other. The. optical, 
characteristics are optical interference 

characteristics corresponding to the gap distance between 
the movable thin film 53 and the support substrate 71, 
and the wavelength of the incident light. The details 
of the optical characteristics will be described later. 

As shown in Fig. 7, a UV ray lamp (low-pressure 
mercury lamp) 83 for black light is disposed on the side 
face of a plate-like flat light source unit 81. The flat 
light source unit 81 receives the UV ray emitted from 
the low-pressure mercury lamp 83 for black light through 
the side face, and emits it from the surface. 

When a fluorescent material (for example, BaSi 2 0 5 : 
Pb 2 + ) for black light is applied to the inner wall of the 
low-pressure mercury lamp 83, the emitted UV ray has the 
spectral characteristic shown in Fig. 8. That is, the 
center wavelength XO exists in the vicinity of 360 nm. 
The UV ray is used as a backlight beam. 
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In a light modulator unit 85 which is structured 
as described above, the distance of the gap 11 when no 
voltage is applied (the state of the left side of Fig. 
7) is indicated by t Q ff- This distance can be adjusted 
during a process of producing the device. When a voltage 
is applied, the distance of the gap 11 is reduced shortened 
by an electrostatic force (the state of the right side 
of Fig. .7). The .reduced distance is .indicated by t on - 
The distance t on can be controlled in accordance with a 
balance between the applied electrostatic stress and the 
restoring force which is generated when the diaphragm 
53 is deformed. In order to attain a further stable 
control, as shown in this example, the spacer 80 may be 
formed on the electrode so as to uniformalize the 
displacement. When the spacer is made of an insulating 
material, the specific dielectric constant (1 or greater) 
of the insulating material attains an effect of lowering 
the applied voltage. When the spacer is made of a 
conduct ive material , this effect is furthermore enhanced. 
The electrodes and the spacer may be made of the same 
material. Plural light modulator units 85 are arranged 
one- or two-dimens i ona 1 ly to constitute a spatial light 
modulator array. 

In this example, the distances t on and t Q ff are set 
as f ol lows : 
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ton = 1/2 x XO = 180 nm {XO : the center wavelength of 

UV r ay ) ; and 

toff = 3/4 x XO = 270 nm. 

The dielectric multilayer film mirrors 73 and 77 
5 are set to have a light reflectivity of R = 0.85. The 
gap 11 is filled with air or rare gas so as to have a 
refractive index of n = 1. The UV ray is collimated, and 
hence. the incident angle i on the light modulator. unit 
85 is substantially zero. Fig. 9 shows the light 

10 t ransmit t ance of the light modulator unit 85. When no 
voltage is applied, t C ff = 270 nm and substantially no 
UV ray is allowed to be transmitted through the unit. 
By contrast, when a voltage is applied, t on = 180 nm and 
a UV ray is allowed to be transmitted through the unit. 

15 In the flat panel display 91 having the light 

modulator unit 85, the diaphragm 53 is deflected in this 
way, whereby the multilayer film interference effect is 
produced so that the UV ray can be modulated. 

Any combination of the distance t of the gap 11, 

20 the refractive index n, and the light reflectivities R 
of the dielectric multilayer film mirrors 73 and 77 may 
be employed as far as the interference conditions are 
satisfied. 

When the distance t is continuously changed 
25 depending on the level of the voltage, the center 
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wavelength of the transmission spectrum can be arbitrarily 
changed. This enables the amount of transmitted light 
to be continuously controlled. Namely, a gradation 
control based on the applied voltage is enabled. 

When the dielectric multilayer film 1 (Fig. 1) 
according to the invention is applied to the dielectric 
multilayer film mirrors 73 and 77, the stresses, the 
refractive in dices, the reflectivities,, the. op.ti c.a 1 
lengths, and the like of the films or the whole multilayer 
film mirror in the dielectric multilayer film 1 can be 
set, and hence the transmission wavelength can be freely 
set. Therefore, the mirror can be used also in a light 
modulator unit which is applicable not only to a 
low-pressure mercury lamp light source, but also to light 
emitting devices such as various kinds of inorganic ELs, 
a low-molecular weight organic EL, a high -molecular weight 
EL, an inorganic semiconductor LED, and an FED. 

Since the center wavelength of the transmission 
spectrum can be freely changed depending on a change of 
the gap distance t, a gradation control in a flat color 
display device can be more finely conducted, and hence 
it is expected that the characteristic can be largely 
improved . 

Since the same material is used, the film 
adhesiveness is particularly improved. 
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Fig. 10 is a section view showing a configuration 
in which fluorescent members 86 are arranged in front 
of the respective flat panel displays 91 along the optical 
path . 

5 The fluorescent members 86 receive light emitted 

from the respective light modulator units 85 constituting 
the spatial light modulator array, to be excited by the 
light to emit light . . For example, the,f luores cent member s 
86 emit respective ones of the three primary colors (such 

10 as red, blue, and green, or cyan, magenta, and yellow), 
and are arranged in adequate sequence, thereby enabling 
the display devices to provide a full-color display. 

In each of the thus configured flat panel displays, 
the ultraviolet rays are converted to visible light by 

15 the fluorescent member 86, so that a visible light display 
can be performed. 

Fig. 11 is a section view of a light modulator unit 
of a flat panel display which is a modification of the 
above application example, and corresponding to Fig. 5. 

20 In the modification, not only the dielectric 

multilayer film mirror 77 of Fig. 5, but also the columns 
5 and the diaphragm 53 are formed with using the dielectric 
multiplayer film according to the invention. 

In the figure, 91 1 denotes the flat panel display 

25 of the modification. The reference numerals 73 and 77 1 
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denote the dielectric multiplayer films according to the 
invention, 75 and 79 denote transparent electrodes, and 
11 denotes a gap. These components constitute the 
Fabry-Perot interference flat panel display 91'. 
5 The dielectric mult iplayer films and the transparent 

electrodes may have the same compositions as described 
above . 

In this, case, the dielectric multiplayer.. film 77 ' 
is laid in a bridge-like manner on a sacrifice layer in 

10 a production process, and the sacrifice layer is then 
removed away so that a diaphragm portion A and a column 
portion B are integrally formed by the dielectric 
multiplayer film 77'. 

According to the configuration, the dielectric 

15 mult ilayer film mirror 7 7 , the columns 5, and the diaphragm 
53 in the Fabry-Perot interference flat panel display 
of Fig. 5 are formed by the same material. Therefore, 
distortion hardly occurs, the device can be easily 
produced, the production cost is low, and only one kind 

20 of material is required so that the modification is very 
advantageous also from the view point of inventory 
management, etc. 

When the optical length is changed, the dielectric 
multiplayer film according to the invention exerts a 

25 function of a reflecting mirror, and hence can be applied 
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also to a reflective spatial light modulator. 

Fig. 12 is a diagram showing a light modulator unit 
of a reflective spatial light modulator, and Fig. 13 is 
a diagram illustrating the operation of the spatial light 
5 modulator shown in Fig. 12. The spatial light modulator 
100 is a microelectromechanical reflective spatial light 
modulator in which a minute reflector 101 is displaced 
to. change a reflection light path. On. a transparent 
substrate 103, a pixel circuit 105 configured by a CMOS 

10 is formed in each pixel region. A pair of stationary 
electrodes 107a, 107b are formed in the pixel circuit 
105 of the transparent substrate 103. 

The reflector 101 serving as a movable unit is 
disposed above the transparent substrate 103. The 

15 reflector 101 is composed of a movable plate 109 which 
is fixed to a hinge 107, an interference mirror 111 which 
is formed on the surface of the movable plate 109, and 
a movable electrode 113 which is stretched in a wing-like 
shape from the hinge 107 and secured thereto. The hinge 

20 107 is made of a flexible material, and supported by 
securing the ends in the direction perpendicular to the 
plane of the sheet of Fig. 12, to the transparent substrate 
103 or the like. Therefore, the movable plate 109 and 
the interference mirror 111 which are integrated with 

25 the hinge 107 are supported so as to be swingable about 
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a rotation axis which passes through the cross-sectional 
center of the hinge 107, and which elongates in the 
direction perpendicular to the plane of the sheet of Fig. 
12 . 

5 The spatial light modulator 100 operates in the 

following manner. When a voltage is applied between the 
movable electrode 113 and a stationary electrode 107a 
or 107b by an. electric signal from the pixel circuit 105, 
the reflector 101 is swingingly displaced 

10 ( electromechanically operated) as shown in Fig. 13 by 
the Coulomb force due to static electricity. As a result, 
the reflection path of light incident on the r.eflector 
101 is changed. 

A plurality of such spatial light modulators 100 

15 maybearrangedone-or two-dimensionally to form a spatial 
light modulator array. Ina spatial light modulator array 
in the form of a two-dimensional matrix in which many 
lines each composed of plural spatial light modulators 
100 are arranged, an image which is comparable in 

20 resolution with that on a cathode- ray tube can be displayed 
in accordance with the mirror density of the array. 

In the spatial light modulator 100, a microlens 
having a light converging region is disposed at least 
on the light incidence side. The reflector 101 is placed 

25 in the light converging region. 
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The interference mirror 111 is disposed in the 
reflector 101 of the spatial light modulator 100. In the 
interference mirror 111, at least a light incident region 
of the reflector 101 has the optical non-absorption 
5 property over the spectral range of incident light. The 
interference mirror 111 is a dielectric thin film in which 
a specific wavelength region is reflected with using 
interference due to. a thin film having a thickness .similar 
to the wavelength of light, and may be formed as a 

10 dielectric multilayer film in which dielectric layers 
of different thicknesses and refractive indices are 
stacked into a multilayer structure. 

The dielectric multilayer film 1 (Fig. 1) according 
to the invention is used in the interference mirror 111. 

15 As compared with the case where a metal filter is 

used as a reflective film, the reflector 101 which is 
irradiated with light absorbs light at a very lower degree, 
so that the reflector 101 generates less heat due to the 
light absorption. In the reflective spatial light 

20 modulator 100, therefore, the high power resistance 
against high power light is further enhanced, and the 
operation reliability can be improved. 

Moreover, as compared with the case of a dielectric 
multilayer film made of different materials, the 

25 dielectric multilayer film has an excellent film 
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adhesiveness, and hence is very resistant to aging. 

When the dielectric multilayer film 1 (Fig. 1) 
according to the invention is applied to the Fabry-Perot 
filter of Fig. 17, the film adhesiveness is particularly 
5 improved because the same material is used. Moreover, 
the stress and refractive index controls can be conducted 
more finely. Therefore, the degree of freedom in design 
of the t ransmi s sion .property is enhanced, and the filter- 
characteristic can be largely improved. 

10 In the above, the embodiment has been described with 

respect to a dielectric multilayer film mirror, a light 
modulator unit of a flat panel display, a Fabry-Perot 
filter, and the like. The application of the invention 
is not limited to them. The invention can be applied in 

15 the form of a sophisticated and long-life optical 
functional film to all uses including a collimator and 
a backlight systemof a display device, a reflecting mirror 
of a semiconductor laser, and mirrors for other organic 
or inorganic light emitting devices. 

20 Next, an example will be described in which a spatial 

light modulator array is formed by arranged one- or 
two-dimensionally plural light modulator units 85 each 
including the above-described dielectric multilayer film 
1 according to the invention, and an image forming device 

25 is configured with using the spatial light modulator array . 
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First, an exposing device 110 will be described as an 
example of the image forming device. 

Fig. 14 is a diagram schematically showing the 
configuration of the exposing device which is configured 
5 by using the spatial light modulator array of the 
invention . 

The exposing device 110 comprises: an illumination 
light source. 61; an illumination optical system 62;. a 
spatial light modulator array 63 in which plural spatial 

10 light modulators serving as the above-described light 
modulator units, are arranged two-dimensionally on the 
same plane; and a projection optical system 64. 

The illumination light source 61 is a light source 
such as a laser device, a high-pressure mercury lamp, 

15 or a short arc lamp. 

For example, the illumination optical system 62 is 
a collimating lens which converts flat light emitted from 
the illumination light source 61 to parallel light. The 
parallel light which has been transmitted through the 

20 collimating lens perpendicularly enters each of the 
spatial light modulators of the spatial light modulator 
array 63 . 

As the means for converting the flat light emitted 
from the illumination light source 61 to parallel light, 
25 known is a method of arranging two microlenses in series, 
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in addition to the collimat ing lens. When a lamp having 
a small luminous point, such as a short arc lamp is used 
as the illumination light source 61, the illumination 
light source 61 can be deemed as a point light source, 
5 and parallel light can enter the spatial light modulator 
array 63. Alternatively, parallel light may be caused 
to enter each of the spatial light modulators of the spatial 
light modulator array. 63 by using an LED array-having 
LEDs respectively corresponding to the spatial light 

10 modulators of the spatial light modulator array 63 as 
the illumination light source 61, and causing the LED 
array so as to emit light while being placed near the 
spatial light modulator array 63. In the case where a 
laser device is used as the illumination light source 

15 61, the illumination optical system 62 may be omitted. 

The projection optical system 64 projects light onto 
a recording medium 65 serving as an image forming face, 
andisconfiguredby, for example , amicrolensarrayhaving 
microlenses respectively corresponding to the spatial 

20 light modulators of the spatial light modulator array 
63 . 

Hereinafter, the operation of the exposing device 
110 will be described. 

The flat light emitted from the illumination light 
25 source 61 impinges on the illumination optical system 
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62. Light which has been converted to parallel light by 
the system enters the spatial light modulator array 63. 
With respect to light entering each of the spatial light 
modulators of the spatial light modulator array 63, the 
5 t r ansmi t tance is controlled in accordance with an image 
signal. Light emitted from the spatial light modulator 
array 63 is projected by the projection optical system 
64 onto the image forming face of the. recording medium. 
65. The projection light is projected onto the recording 
10 medium 65 while being relatively moved in a scanning 
direction, so that a large area can be exposed at a high 
resolution . 

When a collimating lens is disposed on the side of 
the light incident face of the spatial light modulator 
15 array 63 as described above, light respectively entering 
the flat substrates of the spatial light modulators can 
be converted to parallel light. 

Alternatively, the spatial light modulator array 
6 3 may be an array in which plural spatial light modulators 
20 each formed by , for example, combining the 1 ight modulator 
unit 85 with the fluorescent member 86 are 
one-dimensionally arranged on the same plane. 

In the exposing device 110, in place of the 
collimating lens, a microlens array may be used as the 
25 illumination optical system 62. In this case, the device 
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is designed and adjusted so that the microlenses of the 
microlens array correspond to the spatial light modulators 
of the spatial light modulator array 63, respectively, 
and the axis and focal plane of each microlens coincide 
5 with the center of the corresponding spatial light 
modulator . 

The incident light from the illumination light 
source 61 i s. . con verged by the microlens array into 
respective regions which are smaller in area than each 

10 of the spatial light modulators, and then enters the 
spatial light modulator array 63. With respect to light 
entering each of the spatial light modulators of the 
spatial light modulator array 63, the transmit tance is 
controlled by a control device (not shown) in accordance 

15 with the image signal. Light emitted from the spatial 
light modulator array 63 is projected by the projection 
optical system 64 onto the image forming face of the 
recording medium 65. The projection light is projected 
onto the recording medium 65 while being relatively moved 

20 in a scanning direction, so that a large area can be exposed 
at a high resolution. 

As described above, the light from the illumination 
light source 61 can be converged by the microlens array, 
and hence it is possible to realize an exposing device 

25 having an improved light utilization efficiency. 

34 


The shape of the lens surface of each microlens is 
not particularly limited and may be spherical or 
semispherical, or have a convex curved surface or a concave 
curved surface. The microlens array may be formed into 
5 a flat shape having a refractive index distribution, or 
may be configured by arraying Fresnel lenses or 
diffraction lenses due to binary optics or the like. 

Examples of. the material .of the microlenses. are 
transparent glass and a resin. From the viewpoint of the 

10 mass productivity, a resin is superior, and, from the 
viewpoint of the life period and the reliability, glass 
is superior. From an optical viewpoint, as the glass, 
quartz glass, fused silica glass , a 1 ka 1 i - f r e e gl a s s , and 
the like are preferable, and, as the resin, an acrylic 

15 resin, an epoxy resin, a polyester resin, a polycarbonate 
resin, a styrene resin, a vinyl chloride resin, and the 
like are preferable. The resin may be of the photo curing 
type, the thermoplastic type, or the like. It is 
preferable to adequately select the type of the resin 

20 in accordance with the method of producing the 
microlenses. 

A practical method of producing the microlenses is 
a method such as the cast molding method using dies, the 
press molding method, the injection molding method, the 
25 printing method, or the photolithography method. As a 
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production method which can form microlenses finely and 
accurately at a high productivity, in the case where the 
microlenses are to be formed by a resin material, the 
cast molding method in which a photo (ultraviolet rays 
5 or the like) curing resin, or the photolithography method 
in which a positive or negative resist material is used 
is preferably used, and, in the case where the microlenses 
are to be formed. by..glass r the resist transfer, method- 
using RIE (reactive ion etching), the isotropic etching 

10 method, or the ion exchange method is preferably used. 

In the case where microlenses are to be formed by 
the die molding method, for example , a thermoplastic resin 
is hot pressed by dies having a shape identical with that 
of the microlenses. When molding is to be conducted more 

15 finely, the molding process is preferably conducted in 
the following manner. A photo curing resin or a 
thermoplastic resin is filled into dies and then pressed, 
the resin is thereafter cured by light or heat, and the 
cured resin is separated from the dies. According to the 

20 method, fine molding is enabled. In the case where the 
microlenses are requested to be finely and accurately, 
particularly, it is preferable to use a photo curing resin 
which is less expanded and contracted by heat. 

In the case where microlenses made of a resin are 

25 to be formed by the photolithography method, for example, 

36 


a photo-dissolving resin which is typified by a 
transparent photoresist or a photo-curing resin is exposed 
by ultraviolet rays (or visible rays) through an 
adequately patterned light shielding mask, and exposed 
5 portions or unexposed portions are dissolved and developed 
to f orm microlenses . As a result, in accordance with the 
resin material and the exposure amount distribution, it 

is possible to obtain, microlen.ses. of . a . de s i r ed . shape . 

Depending on the resin material, a high-humidity baking 

10 process may be conducted after developing , and microlenses 
of a desired shape may be obtained by means of the surface 
tension when the resin material is thermally softened 
(the ref low method) . 

In the case wher.e microlenses made of glass are to 

15 be formed by the photolithography method, for example, 
the microlenses are formed by etching a transparent 
substrate on which spatial light modulators are configured, 
and through which light from the above-mentioned light 
source can be transmitted. In the etching process, when 

20 a film is applied in a shape corresponding to the 
microlenses, the substrate can be easily processed into 
the desired shape. 

Next, a projecting device will be described as 
another example of the image forming device. 

25 Fig. 15 is a diagram schematically showing the 
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configuration of a projecting device which is configured 
by using the spatial light modulator array of the invention. 
The components identical with those of Fig. 14 are denoted 
by the same reference numerals, and their description 
5 is omitted. 

A projector 120 serving as a projecting device 
comprises an illumination light source 61; an illumination 
optical system. 62; a spatial light modulator array 63.; 
and a projection optical system 74. 

10 The projection optical system 74 is an optical system 

for the projecting device which projects light onto a 
screen 78 functioning as an image forming face. 

The illumination optical system 62 may be the 
above-described collimating lens, or a microlens array. 

15 Hereinafter, the operation of the projecting device 

120 will be described. 

The incident light from the illumination light 
source 61 is converged by the microlens array into 
respective regions which are smaller in area than each 

20 of the spatial light modulators, and then enters the 
spatial light modulator array 63. With respect to light 
entering the optical functional film of each of the spatial 
light modulators of the spatial light modulator array 
63, the t r ansmit t ance is controlled in accordance with 

25 the image signal. Light emitted from the spatial light 
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modulator array 63 is projected by the projection optical 
system 14 onto the image forming face of the screen 78. 

As described above, when the flat panel display 91 
or 91", the spatial light modulator array 63, or the 
5 exposing device 110 or the projecting device 120 which 
serves as an image forming device is formed with using 
spatial light modulators including the dielectric 
multilayer film.l according to the invention, the. device 
can be produced by a simple production process and at 

10 a low production cost. 

As described above, according to the invention, 
stresses of vertically adjacent films of a multilayer 
film which is grown by plasma CVD with using the same 
material are controlled so as to have opposite signs and 

15 an equal magnitude. Therefore, the invention can attain 
the effects that the stress and refractive index controls 
can be easily conducted, that a stress of the whole 
multilayer film can be controlled, that the film growth 
rate is high, and that the film adhesiveness is excellent. 

20 Consequently, all devices in which a conventional 

dielectric multilayer film is used can be replaced with 
the optical functional film according to the invention. 
As a result, a dielectric multilayer film is obtained 
in which the stress and refractive index controls can 

25 be easily conducted, a stress of the whole multilayer 
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film can be controlled, the film growth rate is high, 
and the film adhesiveness is excellent. 

Moreover, the film can function also as a column 
of a spatial light modulator. In the device, therefore, 
5 distortion hardly occurs, the device can be easily 
produced, and the production cost is low. Furthermore, 
a spatial light modulator, a spatial light modulator 
array, an image forming, device and a. flat panel. display 
can be economically produced. 



40 


